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Abstract: Sapwood density and bark thickness of Calophyllum inophyl- 
lum L. (a multipurpose durable timber species) were studied in various 
locations in Northern Australia and in Sri Lanka. Measurements were 
taken non-destructively by using core sampling and bark gauge. From 
each provenance, 4-15 mature trees having girth at breast height over 
bark (GBHOB) at 100-150 cm were selected on the basis of the popula¬ 
tion size. Significant (p<0.05) hemispheric and provenance variations in 
bark thickness were found. Variations in the bark thickness are influ¬ 
enced by environmental variables. Variations in sapwood density were 
less pronounced compared to that of bark thickness. Variations in sap- 
wood density are likely to be governed by genotypic variations. 

Keywords: bark thickness; Calophyllum inophyllum', provenance varia¬ 
tions; sapwood density 

Introduction 

Calophyllum inophyllum L. (Clusiaceae), commonly known as 
Alexandrian laurel, beauty leaf or Domba (in Sri Lanka), is a 
medium to large evergreen tree that grows up to 20 m in height 
with a broad spreading crown of irregular branches. It generally 
is grown above the high tide mark of coastal areas (Friday et al. 
2006). C. inophyllum is a good general-purpose timber (Maiden 
1975). The wood is often fine textured, and the grain is more 
interlocked. The density is 560-900 kgm' 3 at 15% moisture 
content (Timber Species Notes, DPI Queensland 2007). The 
sapwood, yellow-brown with a pink tinge, is well defined from 
the heartwood that is deep red, red-brown, pink-brown or or¬ 
ange-brown. Vessels are large to medium size, solitary and ar¬ 
ranged in oblique flares. Vessel lines are very prominent on 
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dressed surfaces and darker than surrounding tissue. The timber 
is generally slightly heavier, stronger and more durable than that 
of other Calophyllum species. 

Mechanical handling of Calophyllum wood is categorized as 
easy (MTC wood wizard 2006). In several regions, the wood is 
much sought after for masts, spars, bridgework and scaffolding 
due to the tall, slender form of the poles. Because the wood is 
close grained and durable, it is commonly used for boat building 
and railway sleepers. Rich reddish-brown appearance makes it 
excellent for veneer, plywood and cabinet making. The wood is 
also used for light construction, flooring, moulding, joinery, 
wooden pallets, diving boards, cartwheels and axles, musical 
instruments and blowpipes (Little and Skolmen 1989). 

The bark of C. inophyllum is shallowly longitudinally fissured, 
pale grey and fawn, inner bark usually thick, soft, fibrous and 
laminated, pink to red, darkening to brownish on exposure 
(Lemmens 2005). Calophyllum bark is an Indo-Chinese medicine 
for orchitis (Dweck 2002) and acts as an antiseptic and disinfec¬ 
tant. Some scientists found a cytotoxin (calocoumarin A) that can 
be used to treat skin cancer from bark extracts of C. inophyllum 
(Itoigawa et al. 2006). Bark thickness may be correlated to secre¬ 
tions (Hedge et al. 1998). 

C. inophyllum shows wide distribution, ranged from northern 
Australia and extending throughout Southeast Asia and southern 
India (Hathurusingha and Ashwath 2007). Geographic variation 
may induce variations in wood properties. Wood properties vary 
within trees, between trees, between stands and regions (Stahl 
1998). Bark thickness is also greatly dependent on environmental 
conditions. Bark thickness can be used as a useful raw parameter 
for selecting suitable provenances for cultivation as a medicinal 
plant and likewise sapwood density can be used to identify suit¬ 
able cultivars for commercial timber plantations. However, there 
is a significant lack of information on the provenance related 
variations in wood properties of C. inophyllum. This study was 
conducted to explore .the variations in bark thickness and sap- 
wood density of C. inophyllum provenances in Australia and in 
Sri Lanka. 
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Materials and methods 

Conditions of provenances 

The study was conducted in ten provenances (Table 1): six in 
northern Australia (Townsville, Yeppoon, Cardwell, Bowen, 
Mackay and Darwin) and four in Sri Lanka (Anuradhapura, Co¬ 
lombo, Kurunegala and Matara). The selected provenances from 
different areas are distinct in terms of climate, topography and 
soil conditions. The distance between each provenance is at least 
100 km. 


Table 1. Calophyllum inophyllum L. provenances in Australia and in Sri Lanka 




Altitude 

Mean annual 

Mean annual 


Provenance 

Coordinates 

from MSL 

rainfall 

temperature 

Soils 



(m) 

(mm) 

Max/Min(°C) 


Provenances in Australia 

1. Townsville 

19°13'0"S, 146°48'0"E 

3.5 

1124.8 

28.9/19.8 

Mungol and submature back earths 

2. Yeppoon 

23°7'42"S, 150°44'34"E 

5 

870.1 

25.9/18.5 

Rundle, Shallow stony browns, clay loams and sandy clay loams. 

3. Cardwell 

18°16'0"S, 146°1'60"E 

5 

2125.3 

28.7/18.9 

Solonetz, Planosols, calcareous dune sands 

4. Bowen 

20°1'0"S, 148°13'60"E 

3 

864 

28.6/19.7 

Mottled subsoil dune sand 

5. Mackay 

21°08'36"S, 149°11' 12"E 

3 

1522.6 

27.0/17.7 

Andergrove calcareous variant and sandy loams 

6. Darwin 

12°27'0"S, 130°50'0"E 

5 

1712.9 

32.0/23.2 

Regosols, Leptosols and Planosols 

Provenances in Sri Lanka 

7. Anuradhapura 

08°20'60"N, 80°22’60"E 

75 

1094 

32.1/23.3 

Reddish brown earths & immature brown loams 

8. Colombo 

6°54'0"N, 79°50'0"E 

59 

2500 

30.6/24.1 

Red-yellow podzolic with soft and hard laterite, dark heavy clay soils. 

9. Kurunegala 

7°45'0"N, 80°15'0"E 

55 

1500 

31.7/22.8 

Red yellow podzolic soils with strongly mottled subsoil, low humic gley 
soils, regosols on red and yellow sands 

10. Matara 

5°56'55"N, 80°32'34"E 

40 

2150 

29.3/24.1 

Alluvial soils, Red-yellow podzolic with soft and hard laterite 


Sampling 

Sampling was greatly restrained by the small size of the stands in 
each provenance. The number of sites/provenance varied from 2 
to 4 due to the availability. From each site (2-5) morphologically 
superior (free from diseases and defects and appear to have a 
healthy form) mature trees were selected with girth at breast 
height over bark (GBHOB ranging from 100-120 cm). This step 
was taken to standardize the sample in the comparison of field 
data and to address the age effect as an effort. 


Measurements of bark thickness and sapwood density 

Bark thickness of three trees was measured at each selected site 
using a bark gauge. Two perpendicular measurements were taken 
for each tree at 1.3 m height. To measure sapwood density 
non-destructively, two core samples of sapwood (windward and 
leeward) were taken from three trees at each selected sites using 
an increment borer (i.d. 5.15 mm). Samples were dried in an 
oven for 48 hours at 104°C. Then the length and dry weight of 
each piece were recorded (Chave 2006a). 

Sapwood densities were obtained from the following equation. 

W, x 4 


where, W d is the dry weight of the core sample, p s is the sapwood 
density, d and / were diameter and length of core samples. 

Soil analysis 

Two sites from each provenance were selected for soil analysis. 
At each site three morphologically superior trees (from those 
selected for other parameters) were selected. Three cores were 
taken at each tree (3 m radius from the tree) by using 2.5 m au- 
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ger. 

Cores of 0-30 cm in the same site were mixed to form a rep¬ 
resentative composite of the site. Samples were collected in linen 
bags and brought to the laboratory and transferred to oven set up 
at 40°C. In each sample organic debris and stones was sieved by 
2 mm sieve. One sample (750 g) from each site was analysed for 
nitrogen, potassium, phosphorus, total carbon, pH and conduc¬ 
tivity by ISO 10390, ISO 10694, ISO 11047, ISO 13878 and TPS 
ion meters. 

Analysis of data 

After testing the normality and homogeneity of error variances, 
differences among provenance means were tested by Tukey si¬ 
multaneous test using the General Linear Model (GLM) of 
ANOVA in MINITAB ver. 14.1. Pearson correlation coefficients 
were calculated between soil and climatic variables, and bark 
thickness and wood density by the above software. 

Results and discussion 

Results indicated marked variations in wood density and bark 
thickness among C. inophyllum provenances from Australia and 
Sri Lanka. Significant {p > 0.05) hemispheric variations in bark 
thickness were found between C. inophyllum stands from Austra- 
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lia and Sri Lanka (Table 2). Calophyllum trees in Australia are 
mostly found in coastal areas and exposed to dry salty air. In 
contrast, Calophyllum trees in Sri Lanka occur in humid inland 
areas with different soil types (Personal Observations 2008). 


Table 2. Provenance variations in bark thickness 


Provenance 

n 

Bark thickness (mm) 

Townsville 

10 

15.4c 

Yeppoon 

4 * 

11.3ab 

Cardwell 

14 

12.4b 

Bowen 

8 

11.9b 

Mackay 

4 * 

10.4ab 

Darwin 

14 

12 . 2 b 

Anuradhapura 

6 * 

8.3a 

Colombo 

15 

8 . 8 a 

Kurunegala 

6 * 

8.9a 

Matara 

10 

9.1a 


The means that are not followed by the same letter are significantly different (at 
0.05 level of probability) as determined by the Tukey simultaneous test. is 
the number of available trees, “n” is the number of individuals. 

Thicker barks found in Australian C. inophyllum trees is may 
be due to the exposure to salty winds and low relative humidity. 
Thicker woody barks may have been developed to prevent dehy¬ 
dration. 

C. inophyllum provenances demonstrated a range of sapwood 
densities (494-636 kg-m" 3 ). Sapwood density of C. inophyllum 
had a relatively less pronounced hemispheric variation (Fig. 1). 
Trees from Yeppoon, Mackay and Kurunelaga had lower but 
similar sapwood densities (494-510 kg-m' 3 ). Similar sapwood 
densities were also observed among the trees from Anuraad- 
hapura and Matara (539 kg-m' 3 and 541 kg-m' 3 ), and Townsville, 
Cardwell, Bowen and Darwin (574-590 kg-m" 3 ). Highest mean 
sapwood density value (636 kg-m" 3 ) was observed among those 
trees from Colombo. It was significantly different {p < 0.05) 
from the rest of the provenances. Calophyllum stands in all se¬ 
lected provenances except Colombo were growing on relatively 
lose soils. Most of the trees sampled in Colombo were growing 
on black heavy clay or compact soils which restrict their root 
respiration. This induces slow growth, which leads to dense 
wood formation (Slik et al. 2010). 

Bark thickness in C. inophyllum was found to be strongly in¬ 
fluenced by environmental variables. Negative correlations were 
found between bark thickness and climatic parameters (Table 4). 
Highest coefficient (r= -0.72) was found between bark thickness 
and altitude. Possible cause for the marked difference between 
bark thickness of Australian provenances and Sri Lankan prove¬ 
nances as mentioned earlier could be the difference in relative 
humidity (RH) and can be further supported by significant corre¬ 
lations between bark thickness and RH. 

Among climatic variables, mean of annual maximum tem¬ 
perature (r= -0.31) and mean of annual rainfall (r= -0.32) have 
shown the least correlation with bark thickness. 



Fig. 1 Variation in the wood density of Calophyllum inophyllum 
provenances in Australia and Sri Lanka. 

Means that are not followed by the same letter are significantly different 
(at 0.05 level of probability). 1. Townsville, 2. Yeppoon, 3. Cardwell, 4. 
Bowen, 5. Mackay, 6 . Darwin in Australia; 7. Anuradhapura, 8 . Colombo, 9. 
Kurunegala, 10. Matara in Sri Lanka 

Wood densities of C. inophyllum were not found to correlate 
with climatic variables (Table 3). Chave et al. (2006b) and Moser 
et al. (2008) reported that wood density correlates negatively or 
neutrally with elevation. Numbers of other authors reported that 
there were no correlations between geo-climatic variables and 
bark thickness (Warrall 1974; Wright 1987; Bergin et al. 2007). 

Bark thickness of C. inophyllum was also found to strongly 
correlate with soil parameters (Table 4). Significant positive 
correlations were found between bark thickness and soil nitrogen 
(r= 0.77), and potassium levels (r= 0.59). Bark thickness was 
negatively correlated to total carbon (r= -0.49) and conductivity 
(r= -0.55). However, bark thickness was not significantly influ¬ 
enced by either soil phosphorus level (r= 0.17) or soil pH values 
(r= 0.03). 

In contrast, wood density was not significantly correlated to 
any of the measured soil parameters (Table 4). Only visible neg¬ 
ative correlation was found between wood density and total car¬ 
bon (r= -0.24). It may be due to the promotion of carbohydrate 
and cellulose synthesis as apposed to lignin synthesis in carbon 
rich soils. Carbon rich soils are generally associated with wet 
environments and under those conditions plants usually are less 
likely to consume energy in water conservation. 

In conclusion, sap wood density of C. inophyllum was not 
found to be regulated by environmental parameters such as 
geo-climatic factors or soil parameters. Warrall (1974) suggested 
that heritability of wood characters can be very high. This dem¬ 
onstrates that provenance variations in sapwood density are 
mainly governed by genotypic variations. In contrast, prove¬ 
nance variations in bark thickness are strongly regulated by en¬ 
vironmental variables. 
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Table 3. Correlations between bark thickness and wood density, and climatic parameters of selected provenances 


Wood Character 


Bark Thickness (mm) 
Wood density (kg-nT 3 ) 


Mean Annual Maximum 
Temperature (°C) 


-0.31(0.05) 

0.12(0.25) 


Mean Annual Minimum 

Altitude (m) 

Temperature (°C) 

-0.57 (0.0001) -0.72 (0.0001) 

0.06 (0.52)0.001 (0.98) 


Mean Annual Rainfall 
(mm) 

-0.32 (0.0001) 
-0.14(0.16) 


Mean Annual Relative 
Humidity (%) 
-0.57 (0.001) 
0.02 (0.84) 


Values are Pearson product-moment correlation coefficient, r. /7-values are given in parentheses 


Table 4. Correlations between bark thickness and wood density, and soil parameters of selected provenances 


Wood Character 



Soil Parameters 



N 

P 

K 

Total C 

pH 

Conductivity (pS-cnf 1 ) 

Bark Thickness (mm) 

0.77 (0.0001) 

0.17(0.13) 

0.59 (0.0001) 

-0.49 (0.0001) 

0.03 (0.2) 

-0.55 (0.0001) 

Wood density (kg-m -3 ) 

0.03 (0.70) 

-0.08 (0.41) 

-0.08 (0.43) 

-0.24 (0.07) 

0.18(0.07) 

-0.17(0.09) 


Values are Pearson product-moment correlation coefficient r. /7-values are given in parentheses. Soil nutrient values were taken as percentage dry weight. 


Conclusions 

Calophyllum inophyllum provenances demonstrated marked 
hemispheric variations in bark thickness. Variations in bark 
thickness were influenced by environmental variables. There 
were significant provenance variations in sapwood density. But 
those variations were not influenced by environmental variables, 
suggesting that it could be governed by genotypic variations. 
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